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Renal function in acute febrile urinary tract infection in
children: Pathophysiologic aspects on the reduced
concentrating capacity
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Department of Pediatrics, Karolinska Institute, Huddinge University Hospital, Stockholm, Sweden
Few studies of renal function in acute pyelonephritis in man
have been published. In one of these. Winberg [1.1 reported a
reduced concentrating capacity, a finding later confirmed by
others [2, 31. The concentrating defect was proposed to be due
to a damage of distal and collecting tubules [1, 41.The concen
trating capacity normalized within 4 to 6 weeks after treatment
of the infection [I]. This seemingly rapid reversibility, which
also can be demonstrated in experimental pyelonephritis [5],
suggested a more transient defect than can be explained by
structural damage. in experimental pyelonephritis in the rat [6—
81, other explanations for the reduced concentrating ability
have arisen. Among these explanations are an increased solute
load per nephron due to a reduced nephron mass, a diminution
of the tonicity of the medullary interstitium, or a failure to
achieve osmotic equilibration.
Keeping the above statement in mind, we have set the aim of
the present study to further evaluate renal function by more
accurate clearance studies in children with acute febrile urinary
tract infections.
Methods
Among the 14 children studied were 11 girls and three boys.
ranging in age from 6 to 15 years. All children had symptoms of
fever more than 390 C and loin pains. In addition, some of them
had frequency, urgency, and dysuria. All the patients had
leucocyturia. The diagnosis was based on 2 consecutive posi-
tive urine cultures with a bacterial count of >100,000/mi of a
single species. All patients had increased C-reactive protein
values (>20 mg/liter) as well as elevated erythrocyte sedimen-
tation rates (22 to 67 mm/hr). Thus they all fulfilled the criteria
for acute pyelonephritis as established by Jodal, Lindberg, and
Lincoln [9]. Of the 14 children, 7 had their first urinary tract
infection, 2 had their second, and the remaining ones had had
recurrent episodes.
All children were hospitalized during the first days of infec-
tion, and all except I were treated with ampicillin in a dose of
100 mg/kg of body wt per day as soon as they had delivered 2
urine specimens for culture. The following laboratory tests
were performed at admission: concentrations of hemoglobin
(Hb), blood urea, and serum creatinine. Urine osmolality was
determined after l7to 18 hours of livid deprivation. In 11 of the
children, an i.v. pyelogram (IVP) was performed within 1 week
after the onset of symptoms. Renal surface area was calculated
planimetrically according to the method of Aperia et al [10]. On
the 3rd to 5th day, when the fever had disappeared, the children
were examined with a standardized oral sodium load test
including clearances of inulin (C1), sodium aminohippurate
(CPAH), and free water (CHo), making possible the evaluations
of urinary sodium excretion, glomerular filtration rate, c'ear-
ance of PAH, and diluting capacity. The same tests were used
to reexamine 9 patients 4 to 10 months after the acute infection.
All these patients were controlled monthly with urine cultures.
None had had any signs of recurrence during this time. The
other children had to be excluded because they experienced
recurrences before the next test could be performed.
Oral sodium load test including clearances of inulin and
PAH. Water diuresis was induced by giving the patients water
20 mI/kg of body wt during the first hour and thereafter 5 mI/kg
of body wt every 30 mm during the whole study. Urine could
then be collected by spontaneous voiding in 30- to 60mm
periods. After 2 hours of controlled urine sampling, an oral
sodium load of 95 mmoles of sodium per 1.73 m2 body surface
area was given, and urine was collected for another 6 hours.
During this test, clearances of inulin, PAH, and free water
were performed. After a prime dose of 60 mg of inulin per
kilogram (mutest®, 25%, Laevosan-Gesellschaft) and 9 mg of
PAH per kilogram of body wt (aminohippurate sodium, 20%;
MSD), a continuous i.v. infusion of 1.4 mg of inulin and 0.2 mg
PAH per kilogram of body wt per minute was given. Following
an equilibration time of 1 hour. four 30-mm urine collections
were made. Midway during the sampling period, a blood sample
was drawn.
Blood and urine samples were analyzed for inulin according
to the Anthrone method [11]; PAH was analyzed according to a
modified Smith technique [121. The sodium concentration was
determined by flame photometry and osmolality by the freezing
point technique. C1 and CPAH were calculated as the mean of
four sampling periods. Free water clearance was determLned
when the lowest urine osmolality was reached.
To act as controls, 10 persons were examined. Of the 10
persons, 3 were young adult kidney donors, 2 were healthy
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adult volunteers, and 5 were children 5 to 10 years of age. One
child was investigated because of suspected hypertension
which could not be verified. Four children had nocturnal
enuresis without bacteriuria and with normal urinary tracts
according to the urograms.
All patients and controls were put on a standardized sodium
intake at least 3 days prior to the renal function tests. For
statistical analysis Students' t test and paired t test have been
used.
All the children and their parents gave their informed consent
to the study, which was approved by the committee of Ethics at
the Karolinska Institute.
Results
The Hb concentrations were within normal limits in all
patients. Blood urea concentrations were 4.8 (SD) 0.7
mmoles/Iiter during infection and 4.7 0.7 after infection.
Serum creatinine concentrations did not change significantly
during and after infection, represented by 60.0 10.7 and 65.2
11.2 moles/liter, respectively.
Glomerular filtration rate. The GFR in the 14 patients varied
between 91 and 160 mI/mm per 1.73 m2 body surface area during
the acute infection (Fig. 1). Most patients had increased filtra-
tion rates compared with controls. One patient with a filtration
rate of 91 mI/mm per 1 .73 m2 body surface area had a severe
parenchymal reduction of one kidney. When examined 1 year
before the acute infection, she had a filtration rate of 75 mI/mm
per 1.73 m2 body surface area, Because this patient has the very
small kidney on one side, she has been excluded in all mean
values presented in the following results. The mean GFR during
infection was 133 (SD) 16 mI/mm per 1.73 m2 body surface
area, which is significantly higher than that of controls (112
10 mI/mm per 1.73 m2 body surface area, P <0.01).
All 9 patients restudied showed a significant fall in GFR after
infection to a mean value of 110 8 mI/mm per 1.73 m2 body
surface area (P < 0.01). The GFR after infection did not differ
from that of controls.
Clearance ofPAH. The CPAH was determined in 13 patients
(one patient was excluded as she was treated with sulfonamide,
which interfered with the determinations of PAH). The CPAH
showed great variations ranging between 416 (the patient with
severe parenchymal reduction) and 1129 mI/mm per 1.73 m2
body surface area (Fig. 2). The mean CPAHduring infection was
745 167 mI/mm per 1.73 m2 which was significantly higher
than that of controls (601 66 mI/mm per 1.73 m2 body surface
area, P < 0.05). When reexamined, all 9 patients demonstrated
a significant decrease in CPAH after infection (P < 0.01), mean
value being 600 155 mI/mm per 1.73 m2 body surface area, not
differing from that of controls.
Filtration fraction. The mean filtration fraction was 18.9
3.8% during acute infection and 19.1 3.0% after infection.
These values did not differ from those of controls (18.7 2.8%).
Renal response to an oral sodium load. Table 1 gives the
mean urinary sodium excretion before and after an oral sodium
load during and after infection. The basal urinary sodium
excretion at the infection was significantly decreased compared
with that of controls but increased to within normal values after
infection. After an oral sodium load, the controls increased
their urinary sodium excretion during the first three hours,
From the 3rd to the 6th hour, urinary sodium excretion was
relatively constant with a mean value of 15.9 mmoles/hr per
200-
150-
S
C)N
.5
S
100-
50 -
4
N
1200
1000
S
800
.5
S
U-0
Ui
600
400
+
Controls At After
infection infection
Fig. 1. Glomerular,fihiration rate in individual patients during and after
infection compared to that of controls (mean so).
Controls At After
infection infection
Fig. 2. Effective renal plasma flow (ERPF in individual patients during
and after infection compared to that of controls (mean SD).
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Table 1. Urinary sodium excretion before and after an oral sodium load during and after infection
Basal urinary sodium excretion,
,nmoleslhrl/.73 m2 body surface area
Fractional excretion (CN.,ICJ), C7c
Renal response to the oral sodium load,
mmo/esl/irII .73 m2 body surface area
Normal At After
children infection infection(N= 13)
Fig. 3. Maximal urine osmo/alay (U0,,) after 18 hours of thirst during
and after inteetion compared u'itl, normal children according to Win-
berg / 13/.
1.73 m2 body surface area. This value was called "the renal
response to the sodium load." During acute infection. 'the
renal response" was 8.0 4.9 mmoles/hr per 1.73 m2, signifi-
cantly reduced compared to that of controls. This response was
normalized after the infection.
Concentrating capacity. Maximal urine osmolality in 11
patients at infection and 9 patients after infection is illustrated in
Figure 3. Normal values given are those of Winberg 1131. The
concentrating capacity was reduced during acute infection (610
243 mOsm/liter) and increased after infection in full agree-
ment with earlier findings by Winberg [1].
Diluting capacity. Diluting capacity was determined during
water diuresis as free water clearance. The relationship be-
tween free water clearance and distal tubular sodium delivery
(calculated as the sum of free water clearance and clearance of
sodium) during acute infection is illustrated in Figure 4. Table 2
gives the mean values for urine osmolality, free water clear-
ance, and distal tubular sodium de1iver, during acute infection
in comparison with that of controls. During acute infection, free
water clearance and distal tubular sodium delivery were signifi-
cantly decreased, both relating to filtered load and body surface
area. It is, however, of notice that for any given distal sodium
delivery there appears no impairment in the generation of free
water (Fig. 4). The low, free water clearance is thus secondary
to a low distal delivery.
Because not all patients reached the same minimum urine
osmolality when restudied after infection, free water clearance
values could not be compared in all patients during and after
infection. In those patients, however, who reached the same
urine osmolality when restudied after infection, free water
clearance and distal tubular sodium delivery increased after
infection.
Kidney size. In 11 patients, an IVP was performed during
acute infection. Another X-ray was taken within 1 year in 5 of
the patients. In all these patients the affected kidney, that is, the
previously infected ones, had decreased in size in comparison
to the kidney in a state of acute infection. No signs of focal
parenchymal reduction were seen, but all affected kidneys were
generally decreased in size. Figure 5, a and b, illustrates two
typical cases, the first with a history of unilateral pyelonephritis
and the second with a bilateral infection. Renal surface areas
during acute infection were calculated planimetrically and relat-
At infection After infection Controls(N = 12) (N = 6) (N — lO)
3.7 3.1 5.8 1.0 7.9 2.0
0.31 0.23 0.88 0.19 1.12 0.27
8.0 4.9 16.2 3.9 15.9 1.6
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Fig. 4. Free water clearance (C11,0) in relation to distal tubular sodium
deliver)' (C11,0 + in children with acute febrile urinary tract
infection (filled circles, •) and in 10 controls (open circles, 0).
10 15
756 Berg
A
Fig. 5. A The iv. pyelogram of a boy with a grade 111 refiux, that is,
refiux up to renal pelvis with dilatation of both pelvis and ureter, on the
right side at infection (---) and after 10 months followup ( ). Renal
length according to EklOfRingertz 123] was +5 SD on the right and +3
SD Ofl the left side at infection and decreased to +2 sn bilaterally after
infection. B The i.v. pyelogram of a girl with bilateral infection a!
infection (---) and 3 months after infection ( ).
ed to GFR (Fig. 6). A positive correlation between GFR and
renal surface area in certain well-defined renal diseases has
been demonstrated earlier by Aperia et a! [101 (Fig. 6). This
regression line, however, did not fit with the patients with acute
pyelonephritis.
Discussion
Winberg [1] reported on a reduced concentrating capacity in
17 out of 22 patients with acute pyelonephritis. Normal creati-
nine clearance values were also reported. In the present study
the GFR was found to be increased. When restudying the data
of Winberg [I], most values of creatinine clearance during acute
infection were to be found above the regression line for normal
children. Moreover, a few patients had clearances above +2 SD
Table 2. Minimum urine osmolality. free water clearance, and distal
tubular sodium delivery during acute infection and in controls
At
infection
(N = 12)
Controls
(N = 10) P
U"m, mOsm/kg H20 60 8 65
CH2O/IOO ml GF
C,0 + C?/lO0 ml GF
C20, ml/min/l.73 m2
body surface area
7.2 2.6
8.0 2,9
9.2 3.1
10.9 1.5
12.2 1.5
12.0 1.9
<0.01
<0.001
<0.05
(CH20 + CNa), mllmin//.73 m2
body surface area 10.1 3.5 13.9 1.2 <0.01
Values are the means 5D.
E
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Fig. 6. Glomerular filtration rate in relation to renal sutface area in Ii
patients at the acute infection. The straight line indicates the normal
relationship according to Aperia et al [10].
of that of normals. In contrast, Whalley, Cunningham, and
Martin [3] found a transient but definite diminution of creatinine
clearance during acute pyelonephritis in pregnant women. The
high GFR found in acute pyelonephritis is most probably
secondary to the increased effective renal plasma flow found in
our study, Michie and Michie [141 studied renal function in
unilateral chronic pyelonephritis. A few of their patients had
increased effective renal plasma flow per unit Tm PAH (maxi-
mal reabsorptive capacity of PAH), which was interpreted as an
effect of intercurrent acute infections with renal hyperemia.
This increased renal plasma flow might be a possible effect of
endotoxins or other pyrogens because large i.v. doses of
pyrogens to dogs and rats [15, 16] result in increased total renal
blood flow.
The reduced concentrating capacity as found in this study has
been demonstrated earlier by several authors. On the basis of
results from micropuncture studies, Bank and Aynedjian [6, 17]
concluded that the concentrating defect in pyelonephritis could
not be accounted for by a reduction in renal mass, or by
adaptational increases in GFR per surviving nephron or by any
detectable defect in salt or water transport in individual cortical
•1
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nephrons. Instead they localize the disturbance to the renal
medulla. Some support for this concept is provided by the study
of Gonick et al [71 who demonstrated a fall in urea content of the
renal papilla in experimental murine pyelonephritis. They sug-
gested that the concentrating defect is probably due to an
impaired urea and water permeability of the collecting ducts. A
disturbance in intrarenal urea recirculation has also been pro-
posed by Armsen et al [81. He suggested that the disturbance
was caused either by decreased urea permeability in the loop of
Henle or by a medullary washout effect secondary to an
increased medullary blood flow.
The high effective renal plasma flow found in this study may
include both cortical and medullary blood flow. An increased
medullary blood flow could be expected to disrupt the efficien-
cy of the counter current exchange system in the concentrating
mechanism. This proposition is in contrast to the findings by
Levison and Levison [18] who found a reduced papillary plasma
flow in experimental pyelonephritis in rats. This discrepancy
could be due to several causes such as the fact that the rats were
anesthetized during the studies and the murine pyelonephritis
was induced hematogenously in contrast to the human ascend-
ing type of pyelonephritis. When arnpicillin treatment was
instituted to the rats, however, the papillary plasma flow was
elevated even above that of controls and these results are more
in agreement and in comparison with the present results be-
cause all our patients were studied during treatment. An
influence of ampicillin on PAH transport increasing the CPAH is
not probable, because the filtration fraction was unchanged
during as well as after infection.
The low urinary sodium excretion found during acute infec-
tion could not be due to a negative sodium balance because all
patients were put on a standardized sodium intake prior to the
study. The low sodium excretion must therefore be due to an
increased sodium reabsorption. As free water clearance and
distal delivery were found to be reduced, this increased reab-
sorption could be localized predominantly to the proximal part
of the nephron. The proximal sodium reabsorption might be
accelerated by a more effective removal of sodium ions with the
increased blood flow in the peritubular capillaries secondary to
the high CPAH. The data presented will, however, not permit
any conclusions on this point. A low distal tubular sodium
delivery might also contribute to the decreased urinary concen-
trating capacity as well as to the increased GFR according to
the macula densa theory [19, 201.
The increased renal size during acute infection found in this
study has previously been reported in adults [21]. The reduction
in renal size after infection could of course be interpreted as
pyelonephritic scarring but the reduction in size was general
and not focal. Moreover, the renal size had diminished already
3 months after infection. It has been suggested that it takes up
to 2 years for a scar to develop [221. Renal hyperemia and
edema following the increased renal plasma flow might well
explain the increased renal size. Hyperemia in both cortex and
medulla was also a common finding in histologic studies of
murine experimental pyelonephritis [51. In recurrent urinary
tract infections Aperia et al [10] found a positive correlation
between GFR and renal size measured as renal surface area. In
the present studies, however, the normal relationship between
these two parameters was not found during acute infection. The
clinical implications from these results would therefore be that
renal function in acute urinary tract infection cannot be calcu-
lated from renal size. The increased renal size must also be kept
in mind when an IVP is taken in children with acute infections
because most children with recurrent urinary tract infections
are observed for kidney growth on repeated IVP's, The normal
reduction in renal size after acute infection should then not be
interpreted as an inhibition of renal growth.
Summary. In an attempt to elucidate the reduced concentrat-
ing capacity in acute pyelonephritis, we studied the renal
function in 14 children, 5 to 16 years of age. Clearance of inuLlin,
PAH, and free water, urinary sodium excretion, and maximal
urine osmolality after 18 hours of thirst have been determined at
and within 10 months after infection.
Glomerular filtration rate and renal plasma flow were found
to be increased during infection and normalized after infection.
Urinary sodium excretion, distal sodium delivery, and maximal
urine osmolality were decreased during infection and increased
afterwards. Kidney size was also increased during infectioii.
It is postulated that the reduced concentrating capacity is due
to a washout effect mediated by an increased medullary blood
flow and to a low distal tubular sodium delivery.
Acknowledgments
This study is dedicated to Professor RoIf Zetterström on the occasion
of his 60th birthday.
Reprint requests to Dr. U. Berg, Department of Pediatrics, Karo-
linska Institute, Huddinge University Hospital, S-14/ 86 HUDDINGE,
Stockholm, Sweden
References
I. WINBERG J: Renal function studies in infants and children with
acute nonobstructive urinary tract infections. Acta Paediatr Scand
48:577—589, 1959
2. RONALD AR, CUTLER RE, TURCK M: Effect of bacteriuria on renal
concentrating mechanisms. Ann Intern Med 70:723—733, 1969
3. WHALLEY PJ, CUNNINGHAM FG, MARTIN FG: Transient renal
dysfunction associated with acute pyelonephritis of pregnancy.
Obstet Gynecol 46:174—177, 1975
4. STAMEY TA, PFAU A: Some functional, pathologic, bacteriologic
and chemotherapeutic characteristics of unilateral pyelonephritis in
man: 1. Functional and pathologic characteristics. Invest Urol
1:134—161, 1963
5. KAYE D, ROCHA H: Urinary concentrating ability in early experi-
mental pyelonephritis. J C/in Invest 49:1427—1437, 1970
6. BANK N, AYNEDJIAN HS: Individual nephron function in experi-
mental bilateral pyelonephritis. II. Distal tubular sodium and water
reabsorption and the concentrating defect. J Lab Clin Med 68:728—
739, 1966
7. Gor'tic HC, GOLDBERG 0. RUBINI ME, GUZE LB: Functional
abnormalities in experimental pyelonephritis: 1. Studies of concen-
trating ability. Nephron 2:193—206, 1965
8. ARMSEN TR, J0PPIcH R. SCHUBERT 0. EDEL HH: Single nepliron
study of intrarenal urea handling in experimental pyelonephritis.
ResExpMed(Berl) 165:141—152, 1975
9. JODAL U, LINDBERG U, LINCOLN K: Level diagnosis of symptom-
atic urinary tract infections in childhood. Acta Paediatr Sc and
64:201—208, 1975
10. APERIA A, BROBERGER 0, EKENGREN K. WIKSTAD I: Relationship
between area and function of the kidney in well defined childhood
nephropathies. Acta Radiol [Diagn] (Stockh) 19:186—196, 1978
Ii. HILGER HH. KLUMPER JD, ULLRICH KJ: Wasserruckresorpl:ion
and lonentransport durch die Sammelrohrzellen der Saugetierniere:
Mikroanalytische Untersuchungen. Pfluegers Arch 267:218—237,
1958
12. SMITH HW, FINGELSTEIN N, ALIMINOSA L, CRAWFORD, GRABER
M: Renal clearances of substituted hippuric acid derivatives and
758
other aromatic acids in dog and man. J Cli,, Invest 24:388—409, 1945
13. WINBERG J: Determination of renal concentration capacity in
infants and children without renal disease. Acta Paediatr Scand
48:318—328, 1959
14. MICHIE AJ, MICHIE CR, RAGNI MC: Kidney function in unilateral
pyelonephritis: II. Physiologic interpretations. Am J Med 22:190-
196, 1957
15. BRANDT JL, ZUMOFF B, CASTLEMAN L, RUSKIN HD, JONES A,
ZUCKERMAN S: Studies of the effects of large doses of bacterial
pyrogen in the dog: 1. The renal handling of salt and water. J CIin
Invest 35:1080—1088, 1956
16. VouDouKIs lJ, BRANDT JL: Effect of pyrogens on urine tonicity
and renal papillary sodium concentration in the rat. Proc SOC Exp
Biol Med 111:97—99. 1962
17, BANK N, AYNEDJIAN HS: individual nephron function in experi-
mental bilateral pyelonephritis: 1. Glomerular filtration rate and
proximal tubular sodium, potassium and water reabsorption. J Lab
Clin Med 68:713—727, 1966
Berg
18. LEvisoN SF, LEVISON ME: Papillary plasma flow in experimental
pyelonephritis in rats: Effect of antiobiotic therapy and indometh-
acm J Lab Clin Med 92:570—576, 1978
19. THURAU K, SCHNERMANN J, NAGEL W, HORSTER M, WAHL M:
Composition of tubular fluid in the macula densa segment as a
factor regulating the function of the juxtaglomerular apparatus. Circ
Res 20-2 I (Suppl II):79—89, 1967
20. NAVAR LG, BURKE TJ, ROBINSON RR, CLAPP JR: Distal tubular
feedback in the autoregulation of single nephron glomerular filtra-
tion rate. J Clin Invest 53:516—525, 1974
21. LITTLE PJ, MCPHERSON DR, DE WARDENER HE: The appearance
of the intravenous pyelogram during and after acute pyelonephritis.
Lancet 1:ll86—l188, 1965
22. FILLY R, FRIEDLAND 6W, GOYAN DE, FAIR WR: Development
and progression of clubbing and scarring in children with recurrent
urinary tract infections. Radiology 113:145—153, 1974
23. EKLOF 0, RINGERTZ H: Kidney size in children. A method of
assessment. Acta Radiol [Diagn] (Stockh) 17:617—625, 1976
